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(57) ABSTRACT

The present invention provides a high-resolution image gen-
eration method which is capable of generating a high-resolu-
tion image from multiple low-resolution images having dis-
placements without using an iterative computation.

A high-resolution image generation method for generating a
high-resolution image from multiple low-resolution images
having displacements, comprises a first step of performing a
registration processing of multiple low-resolution images; a
second step of generating an average image having the unde-
fined pixels and a weighted image based on the displacement
information obtained by the registration processing and mul-
tiple low-resolution images; and a third step of generating the
high-resolution image by estimating pixel values of the unde-
fined pixels included in the average image.

21 Claims, 8 Drawing Sheets
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HIGH-RESOLUTION IMAGE GENERATION
METHOD

TECHNICAL FIELD

The present invention relates to a high-resolution image
generation method for generating a high-resolution image
from multiple low-resolution images.

BACKGROUND TECHNIQUE

The image processing technology that reconstructs a high-
resolution image from multiple low-resolution images, is
called the super-resolution processing, and many technolo-
gies have been developed conventionally.

For example, as described in Non-Patent Document 1, the
typical super-resolution processing methods such as the ML,
(Maximum-Likelihood) method, the MAP method (Maxi-
mum A Posterior) method and the POCS (Projection Onto
Convex Sets) method are proposed.

The ML method is a method that defines an evaluation
function as square error between the estimated pixel value
from an assumed high-resolution image and the actually
observed pixel value, and sets a high-resolution image mini-
mizing the evaluation function as an estimated image. In other
words, the ML, method is a super-resolution processing
method based on the principle of maximum likelihood esti-
mation.

Further, the MAP method is a method that estimates the
high-resolution image minimizing an evaluation function
which added probability information of the high-resolution
image to square error. In other words, the MAP method is a
super-resolution processing method that estimates the high-
resolution image as an optimization problem maximizing
posterior probability by using certain prior information for
the high-resolution image.

Moreover, the POCS method is a super-resolution process-
ing method that obtains the high-resolution image by gener-
ating simultaneous equations about the pixel values of the
low-resolution image and the high-resolution image and then
solving the simultaneous equations successively.

All of the above-described super-resolution processing
methods have the common features of assuming a high-reso-
Iution image (an initial high-resolution image), estimating its
pixel value for each pixel of all low-resolution images based
on a point spread function (PSF) obtained from a camera
model from the assumed high-resolution image and then
searching for a high-resolution image by minimizing the dif-
ference between the estimated value and the observed pixel
value (the observed value) Therefore, these super-resolution
processing methods are called reconstruction-based super-
resolution processing methods.

Since all of the above-described existing reconstruction-
based super-resolution processing methods reconstruct a
high-resolution image by an iterative computation that needs
an initial high-resolution image, the computation cost is very
large. Therefore, the reduction of the computation cost was a
main problem of existing super-resolution processing meth-
ods.

In order to solve this problem, as described in Patent Docu-
ment 1, inventors of the present invention developed “a fast
method of super-resolution processing” that realizes speedup
of the super-resolution processing (the iterative reconstruc-
tion processing) by reducing the computation cost.

On the other hand, as a high-resolution image generation
method reconstructing a high-resolution image from multiple
low-resolution images that does not need an iterative compu-
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tation, for example, there is a method described in Non-Patent
Document 2. In the method described in Non-Patent Docu-
ment 2, although the iterative computation is not performed,
the low-resolution image is interpolated to the size of the
high-resolution image. A problem that the generated high-
resolution image becomes a blurred image by the influence of
the interpolation, occurs.

DISCLOSURE OF THE INVENTION

The present invention has been developed in view of the
above described circumstances, and an object of the present
invention is to provide a high-resolution image generation
method which is capable of generating a high-resolution
image from multiple low-resolution images having displace-
ments without using an iterative computation.

Further, another object of the present invention is to pro-
vide a high-resolution image generation method in which
whenever a low-resolution image is obtained, the high-reso-
Iution image is generated sequentially.

The present invention relates to a high-resolution image
generation method for generating a high-resolution image
from multiple low-resolution images having displacements.
The above object of the present invention is effectively
achieved by the construction that said method characterized
by comprising: a first step of performing a registration pro-
cessing of said multiple low-resolution images; a second step
of generating an average image having the undefined pixels
and a weighted image based on the displacement information
obtained by said registration processing and said multiple
low-resolution images; and a third step of generating said
high-resolution image by estimating pixel values of said
undefined pixels included in said average image. Further, the
above object of the present invention is also effectively
achieved by the construction that said third step estimates the
pixel value of said undefined pixel by interpolating pixel
values of defined pixels existing in the neighborhood of said
undefined pixel. Further, the above object of the present
invention is also effectively achieved by the construction that
said third step sets a predetermined image having the number
of'pixels same as said average image as a reference image and
then sets the pixel value of a pixel of said reference image
corresponding to said undefined pixel as the pixel value of
said undefined pixel. Further, the above object of the present
invention is also effectively achieved by the construction that
amethod that estimates the pixel value of said undefined pixel
by interpolating pixel values of defined pixels existing in the
neighborhood of said undefined pixel, is referred to as a first
undefined pixel estimation method, a method that sets a pre-
determined image having the number of pixels same as said
average image as a reference image and then sets the pixel
value of a pixel of said reference image corresponding to said
undefined pixel as the pixel value of said undefined pixel, is
referred to as a second undefined pixel estimation method,
said third step estimates the pixel value of said undefined
pixel by performing the alpha blend of a first undefined pixel
value estimated by said first undefined pixel estimation
method and a second undefined pixel value estimated by said
second undefined pixel estimation method. Further, the above
object of the present invention is also effectively achieved by
the construction that the alpha value of said alpha blend is
changed based on the pixel position of said undefined pixel.
Further, the above object of the present invention is also
effectively achieved by the construction that the alpha value
of'said alpha blend is estimated based on the number of said
defined pixels existing in the neighborhood of said undefined
pixel.
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Further, the above object of the present invention is effec-
tively achieved by the construction that a high-resolution
image with a more higher definition is reconstructed by using
said high-resolution image generated by the above high-reso-
Iution image generation method as an initial image of the
super-resolution processing that needs the iterative process-
ing (the iterative reconstruction processing) and then per-
forming said iterative reconstruction processing.

Moreover, the above object of the present invention is
effectively achieved by the construction that whenever a low-
resolution image is obtained, by applying the above high-
resolution image generation method, said high-resolution
image is generated sequentially by updating said average
image with said undefined pixels and said weighted image
and then estimating pixel values of said undefined pixels
included in the updated average image.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating a schema of a high-
resolution image generation method according to the present
invention;

FIG. 2 is a block diagram illustrating an undefined pixel
value estimating method utilizing alpha blend of the present
invention;

FIG. 3 is a block diagram illustrating another embodiment
of the present invention;

FIG. 4 is a magnified image of the observed image (the
low-resolution image);

FIG. 5 is a drawing illustrating a high-resolution image
generated by the method of Chiang et al. disclosed in Non-
Patent Document 2;

FIG. 6 is a drawing illustrating a high-resolution image
based on the undefined pixel estimation utilizing neighbor-
hood pixel values that applies the present invention;

FIG. 7 is a drawing illustrating a high-resolution image
based on the undefined pixel estimation utilizing the basis
image that applies the present invention;

FIG. 8 is a drawing illustrating effects of the sequential
high-resolution image generation based on the undefined
pixel estimation utilizing neighborhood pixel values that
applies the present invention;

FIG. 9 is a drawing illustrating effects of the sequential
high-resolution image generation based on the undefined
pixel estimation utilizing the basis image that applies the
present invention; and

FIG. 10 is a graph illustrating the difference of the conver-
gence property in the case of utilizing different initial images
for the conventional reconstruction-based super-resolution
processing that needs an iterative computation.

THE BEST MODE FOR CARRYING OUT THE
INVENTION

The following is a description of preferred embodiments
for carrying out the present invention, with reference to the
accompanying drawings.

A high-resolution image generation method according to
the present invention is a high-resolution image generation
method which is capable of generating (reconstructing) a
high-resolution image from multiple low-resolution images
having displacements (hereinafter “the low-resolution
image” is also simply referred to as “the observed image”)
without using an iterative computation.

In the present invention, in order to generate (reconstruct)
ahigh-resolution image from multiple low-resolution images
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having displacements, firstly, it is necessary to perform a
registration processing of these multiple low-resolution
images.

In the registration processing, each pixel of multiple
observed images (multiple low-resolution images) having
displacements, is corresponded to a certain position in a high-
resolution image space by the registration. That is to say, it is
possible to regard the pixels of multiple observed images after
the registration as the pixels sampled at unequal interval
within a high-resolution image space.

These pixel positions sampled at unequal interval (herein-
after also simply referred to as “the observed pixel positions™)
are approximated by the pixel positions of the high-resolution
image (hereinafter also simply referred to as “the high-reso-
Iution pixel positions™). In this case, it can be considered that
there are multiple observed pixels (i.e. multiple observed
pixel positions) approximated by a certain high-resolution
pixel position. On the other hand, the high-resolution pixel
positions by which no observed pixel (i.e. the observed pixel
position) is approximated, also exist.

Here, it is possible to generate an image by computing the
average pixel value of multiple observed pixels approximated
by each high-resolution pixel position. In the present inven-
tion, this image is called “an average registration image”. In
addition, hereinafter this average registration image is also
simply referred to as “an average image”.

The average registration image is equal to the high-resolu-
tion image in the pixel interval (the number of pixels). How-
ever, in the average registration image, the pixel value of the
pixel position by which no observed pixel is approximated, is
not defined. Here, a pixel within the average registration
image that the pixel value is not defined, is referred to as “an
undefined pixel”. In other words, since the undefined pixels
are included in the average image, one can say is that the
average image is not a complete high-resolution image. Fur-
ther, with respect to all remaining pixels except the undefined
pixels within the average image, since those pixel values are
defined, hereinafter also simply referred to as “defined pix-
els”.

Further, the number of the observed pixels approximated
by each high-resolution pixel position also constructs an
image. In the present invention, this image is called “a
weighted image”.

In other words, the weighted image is equal to the average
image in the number of pixels. Further, in the weighted image,
the pixel values of pixels existing in positions that are the
same as the pixel positions of the undefined pixels of the
average image are zero, and pixels existing in positions that
are the same as the pixel positions of the defined pixels of the
average image have pixel values larger than zero.

As described above, it is possible to generate the average
image having the undefined pixels and the weighted image
based on multiple low-resolution images and the displace-
ment information. The resolution of the average image is the
same as the resolution of the reconstructed high-resolution
image.

The point aimed at of the present invention is that it is
possible to generate (reconstruct) the high-resolution image
by estimating the pixel values of the undefined pixels
included in the average image. That is to say, it is possible to
generate the high-resolution image if the pixel values of the
undefined pixels of the average image can be estimated by
some kind of methods.

As an estimation method of the pixel value of the undefined
pixel, there are an interpolation method based on the pixel
values of the defined pixels existing in the neighborhood of
the undefined pixel (hereinafter also simply referred to as “the
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neighborhood pixels™), a replacement method that the pixel
value of the undefined pixel is replaced with the pixel value of
an arbitrary reference pixel and a method that performs the
alpha blend of results obtained by the above interpolation
method and the above replacement method.

Specifically, in the high-resolution image generation
method of the present invention, at first, the average image
and the weighted image are generated based on multiple
obtained low-resolution images (multiple observed low-reso-
Iution images) and the displacement information of the low-
resolution images obtained by the registration, and then the
high-resolution image is generated by estimating the pixel
values of the undefined pixels included in the generated aver-
age image.

Further, in the present invention, whenever a low-resolu-
tion image is obtained, that is to say, whenever a observed
image is observed, the high-resolution image is generated
sequentially by updating the average image with the unde-
fined pixels and the weighted image and then estimating the
pixel values of the undefined pixels included in the updated
average image.

Specifically, firstly, the high-resolution image generation
method according to the present invention is applied to a
low-resolution image obtained first, i.e. a observed image
observed first, that is to say, based on the observed image
observed first, the registration of that observed image is per-
formed. Next, the average image with the undefined pixels
and the weighted image are generated based on the displace-
ment information obtained by the registration processing and
the multiple observed images. And then, the high-resolution
image is generated by estimating the pixel values of the unde-
fined pixels included in the average image. Here, the gener-
ated high-resolution image is regarded as an observed image.
Hereinafter the observed image which is regarded in this way,
is referred to as “an regarded observation image”. In addition,
as the observed image obtained first, one image can be uti-
lized or multiple images can be utilized.

Secondly, whenever the observed image is obtained (here
also as the observed image obtained, one image can be uti-
lized or multiple images can be utilized), the observed image
obtained in that time and the regarded observation image are
assembled into multiple observed images, and then the high-
resolution image is generated by applying the high-resolution
image generation method according to the present invention
to these multiple observed images. The generated high-reso-
Iution image is also used as the regarded observation image.

In this way, whenever the observed image is obtained, it is
possible to generate the high-resolution image sequentially
by applying the high-resolution image generation method
according to the present invention.

Of course in the processing described above, it is also
possible to whenever the observed image is obtained, the
observed image obtained in that time and the observed images
obtained by then are assembled into multiple observed
images, and then the high-resolution image is generated
sequentially by applying the high-resolution image genera-
tion method according to the present invention to these mul-
tiple observed images without regarding the generated high-
resolution image as an observed image.

Next, we explain embodiments of the estimation method of
the pixel value of the undefined pixel included in the average
image (hereinafter also simply referred to as “the undefined
pixel value estimation method”) in the present invention.
<1> The Undefined Pixel Value Estimation Method 1

“The undefined pixel value estimation method 17 is a
method that estimates the pixel value of the undefined pixel
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by interpolating the pixel values of the defined pixels existing
in the neighborhood ofthe undefined pixel (the pixel values of
the neighborhood pixels).

As illustrative embodiments of the undefined pixel value
estimation method 1, for example, it is possible to estimate
the pixel value of an undefined pixel by
(al) a method that interpolates the Red channel, the Green
channel and the Blue channel independently,

(a2) a method that interpolates color difference channels (the
Red-Green channel and the Blue-Green channel) after inter-
polating the undefined pixels of the Green channel, or

(a3) a method that firstly obtains the luminance (Y) after
interpolating the pixel values of the Red channel, the Green
channel and the Blue channel of the undefined pixels and then
interpolates the undefined pixels again with respect to R-Y,
G-Y and B-Y.

<2> The Undefined Pixel Value Estimation Method 2

“The undefined pixel value estimation method 2 is a
method that firstly prepares an arbitrary reference image hav-
ing the number of the pixels same as the average image and
then sets the pixel value of the reference image corresponding
to the pixel position of an undefined pixel as the pixel value of
the undefined pixel.

As illustrative embodiments of the undefined pixel value
estimation method 2, for example, it is possible to set
(b1) an image obtained by magnifying an observed image (a
low-resolution image),

(b2) an image obtained by firstly magnifying the observed
images observed till now, i.e. all obtained low-resolution
images and then averaging the magnified images after con-
sidering the displacements of these images, or

(b3) a single color image

as the reference image.

<3> The Undefined Pixel Value Estimation Method 3

“The undefined pixel value estimation method 3 is a
method that estimates the pixel value of the undefined pixel
by performing the alpha blend of an undefined pixel value
estimated by “the undefined pixel value estimation method 17
(hereinafter simply referred to as a first pixel value of the
undefined pixel) and an undefined pixel value estimated by
“the undefined pixel value estimation method 2” (hereinafter
simply referred to as a second pixel value of the undefined
pixel).

As illustrative embodiments of the undefined pixel value
estimation method 3, for example, it is possible to estimate
the alpha value (o) that is necessary in the case of performing
the alpha blend by the following methods.

(c1) a method that changes the alpha value () of the alpha
blend based on the pixel position of the undefined pixel.
(c2) a method that estimates the alpha value (o) of the alpha
blend based on the number of the defined pixels existing in the
neighborhood of the undefined pixel, i.e. the number of the
neighborhood pixels.

Moreover, as described above, it is possible to use the
high-resolution image generated by the high-resolution
image generation method according to the present invention
as an initial high-resolution image of the super-resolution
processing that needs the iterative processing (i.e. the con-
ventional reconstruction-based super-resolution processing).

Next, we explain an embodiment of the high-resolution
image generation method according to the present invention.

As described above, the high-resolution image generation
method of the present invention is a method that generates the
high-resolution image from multiple observed images (mul-
tiple low-resolution images), and specifically generates the
high-resolution along a flow shown in FIG. 1.
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In addition, in order to simplify the description, we explain
only the processing for a gray image. However, it goes with-
out saying that a color image can be processed in the same
way.

As shown in FIG. 1, at first, an observed image is selected
as the basis image from multiple observed images that are
obtained, and then the displacements for the observed image
selected as the basis image (hereinafter simply referred to as
the basis image) are estimated by existing methods. That is to
say, the registration processing for the observed image is
performed. For example, it is possible to utilize the density
gradient method for the estimation of displacements.

Specifically, the luminance is estimated from the observed
image and then a luminance image is generated based on the
estimated luminance. It is possible to estimate the displace-
ment information between observed images by the density
gradient method that sets a homography as a motion model
for the generated luminance image.

Next, the average image (the average registration image)
and the weighted image are generated based on the estimated
displacement information and multiple observed images (see
FIG. 1). As described above, if the pixel value of the weighted
image is zero, the pixel value of the corresponding average
image will not be defined. That is to say, the pixel of the
average image corresponding to the pixel of the weighted
image that the pixel value is zero, is an undefined pixel.

Here, we describe specific examples of the pixel value
estimation method of the undefined pixel in the average
image (the undefined pixel value estimation method) in
detail.

(1) The Undefined Pixel Value Estimation Using the Neigh-
borhood Pixels

Here, (x,y) is set as the coordinate of the image, and I(x,y)
is set as the average image (the average registration image) In
this case, the pixel value I(x,y) of the undefined pixel corre-
sponding to the position (x,y) is estimated by the following
Expression 1.

Ulu—x,v=1y) [Expression 1]

lul=R [v|<R

7()" 0= wiu, VI —x,v—1y)

> Ulu—x, v - ywie, )
|lu|=R |v|=R

Where in the case that the pixel of (x,y) is not defined,
U(x,y)=0holds. On the other hand, in the case that the pixel of
(x,y) is defined, U(x,y)=1 holds.

Further, w(x,y) represents a weighting function and R is a
parameter that represents a neighborhood region. As the
weighting function, for example, it is possible to utilize a
Gaussian function.

Therefore, the high-resolution image h,(X,y) generated by
“the undefined pixel value estimation method using the
neighborhood pixels”, can be represented by the following
Expression 2.

Byx ) =UE DI+ - UE))xy)

(2) The Undefined Pixel Value Estimation Using the Refer-
ence Image

Here, T(x,y) is set as an arbitrary reference image. As the
reference image, for example, it is possible to utilize an image
obtained by magnifying the basis image or a single color
image.

“The undefined pixel value estimation method using the
reference image” is a method that the undefined pixel is
replaced with T(x,y).

[Expression 2]
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Therefore, the high-resolution image h,(x,y) generated by
“the undefined pixel value estimation method using the ref-
erence image”, can be represented by the following Expres-
sion 3.

hxy)=UE)Ix)+1-Ux ] Tey)

(3) The Method Applying the Alpha Blend

As shown in FIG. 2, “the method applying the alpha blend”
to say here, is a method that estimates the pixel value of the
undefined pixel by performing the alpha blend of the above
“the undefined pixel value estimation using the neighborhood
pixels” and the above “the undefined pixel value estimation
using the reference image”.

Therefore, the high-resolution image h_(x,y) generated by
“the method applying the alpha blend”, can be represented by
the following Expression 4.

[Expression 3]

ho(xy)=ahxy)+[1-afhy(xy)

Where o is the alpha value of the alpha blend.

It is possible to estimate the pixel values of the undefined
pixels in the average image by the above undefined pixel
value estimation methods. By this way, all pixels of the aver-
age will be defined. In the present invention, the high-resolu-
tion image is generated by setting the average image that all
pixels are defined as the high-resolution image.

Moreover, it is possible to reconstruct a high-resolution
image with a more higher definition by using the high-reso-
Iution image generated as above, i.e. the high-resolution
image generated by the high-resolution image generation
method of the present invention as an initial high-resolution
image of the super-resolution processing that needs the itera-
tive processing (the iterative reconstruction processing) and
then performing the iterative processing. FIG. 3 show a flow
of a series of processes.

That is to say, as another embodiment of the present inven-
tion, as shown in FIG. 3, firstly, the displacement estimation
is performed for multiple obtained low-resolution images and
then the average image is generated based on the obtained
displacement information and multiple low-resolution
images. Secondly, with respect to the undefined pixels in the
generated average image, the pixel values of these undefined
pixels are estimated by the above “the undefined pixel value
estimation method” so that a high-resolution image is gener-
ated. Finally, in the case that a high-resolution image with a
more higher definition (hereinafter simply referred to as “an
output image”) is necessary, the output image is obtained by
using the generated high-resolution image as an initial high-
resolution image of the super-resolution processing that
needs the iterative processing and then performing the itera-
tive reconstruction processing.

Specific embodiments of the present invention are
explained as above. Next, the present invention is applied to
multiple observed images (multiple low-resolution images)
that are obtained actually and the effectiveness of the present
invention is confirmed.

At first, we confirmed the effect of the high-resolution
image generated by the present invention. The registration
processes for 30 observed images are performed by the exist-
ing method. FIG. 4 is a magnified image of the observed
image. Based on these 30 observed images and the displace-
ment information obtained by the registration process, the
present invention is applied and a high-resolution image with
quadruple the number of pixels in both the vertical and hori-
zontal dimensions, is generated. As a result of this, FIG. 6
shows a high-resolution image based on the undefined pixel
estimation utilizing neighborhood pixel values, and FIG. 7

[Expression 4]
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shows a high-resolution image based on the undefined pixel
estimation utilizing the basis image.

As the high-resolution image generation method recon-
structing a high-resolution image from multiple low-resolu-
tion images that does not need an iterative computation, there
is the method of Chiang et al. which is already disclosed in
Non-Patent Document 2. FIG. 5 shows a high-resolution
image generated by the method of Chiang et al. disclosed in
Non-Patent Document 2.

From FIGS. 4, 5, 6, and 7, it is clear that as compared with
the observed image of FIG. 4 and the high-resolution image
of FIG. 5 generated based on the conventional method, the
resolutions of the high-resolution images of FIGS. 6 and 7
generated based on the present invention are improved
clearly.

Next, we confirmed the effect of the sequential high-reso-
Iution image generation based on the present invention. FIGS.
8 and 9 show the results in the case that the high-resolution
image is generated sequentially by applying the present
invention while the number of the observed images is
increased sequentially.

FIG. 8 shows the results that use the undefined pixel esti-
mation utilizing neighborhood pixel values. FIG. 9 shows the
results that use the undefined pixel estimation utilizing the
basis image. FIG. 8(A) and FIG. 9(A) illustrate images gen-
erated from one observed image. FIG. 8(B) and FIG. 9(B)
illustrate images generated from two observed images. FIG.
8(C) and FIG. 9(C) illustrate images generated from five
observed images. FIG. 8(D) and FIG. 9(D) illustrate images
generated from ten observed images. FIG. 8(E) and FI1G. 9(E)
illustrate images generated from twenty observed images.
FIG. 8(F) and FIG. 9(F) illustrate images generated from
thirty observed images.

From FIGS. 8 and 9, an appearance that the high-resolution
image is generated sequentially as the number of the observed
images increases, is confirmed.

Finally, we confirmed the effect in the case that the high-
resolution image generated by the present invention is set as
an initial image (an initial high-resolution image) of the itera-
tive reconstruction processing (the conventional reconstruc-
tion-based super-resolution processing).

FIG. 10 shows the difference of the convergence property
in the case of utilizing different initial images (initial high-
resolution images) for the conventional reconstruction-based
super-resolution processing that needs an iterative computa-
tion.

In the reconstruction method based on the iterative com-
putation, “a fast method of super-resolution processing” (see
Japanese Patent Application 2005-134068) realizing speedup
of the super-resolution processing (the iterative reconstruc-
tion processing) that is developed by inventors of the present
invention, is utilized. As the initial image (the initial high-
resolution image), an random noise image, a constant value
image that all pixel values are a constant value, a high-reso-
Iution image based on the undefined pixel estimation utilizing
neighborhood pixel values that applies the present invention,
and a high-resolution image based on the undefined pixel
estimation utilizing the basis image that applies the present
invention, are used.

From FIG. 10, it is clear that the efficiency of the iterative
computation is improved by using the high-resolution images
generated by the present invention (i.e. the high-resolution
image based on the undefined pixel estimation utilizing
neighborhood pixel values and the high-resolution image
based on the undefined pixel estimation utilizing the basis
image) as the initial image.
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10
INDUSTRIAL APPLICABILITY

According to the high-resolution image generation method
of the present invention, it is possible to quickly and easily
generate a high-resolution image from multiple low-resolu-
tion images (multiple observed images) having displace-
ments.

In the conventional reconstruction-based super-resolution
processing method, since the iterative computation is neces-
sary, the computation cost is very large. In contrast, in the
high-resolution image generation method of the present
invention, since the iterative computation is unnecessary, the
computation cost is small.

Further, whenever the observed image that is a low-reso-
Iution image is obtained (input), it is possible to generate the
high-resolution image sequentially by applying the present
invention. It is impossible to generate the high-resolution
image sequentially like the present invention by the conven-
tional reconstruction-based super-resolution processing
method.

Moreover, it is possible to use the high-resolution images
generated by the present invention as the initial image (the
initial high-resolution image) of the iterative computation in
the conventional super-resolution processing method. On the
other hand, in the conventional super-resolution processing
method, it is common to use an image obtained by simply
magnifying an observed image that is a low-resolution image
as the initial image (the initial high-resolution image).

Therefore, by setting the high-resolution images generated
based on the present invention as the initial image of the
conventional super-resolution processing, it is possible to
obtain a super-resolution image since the computation will be
converge at a small number of times of iteration even by the
conventional super-resolution processing.

THE LIST OF REFERENCES
Patent Document 1

Japanese Patent No. 3837575

Non-Patent Document 1

S. C. Park, M. K. Park and M. G. Kang, “Super-Resolution
Image Reconstruction: A Technical Overview”, IEEE Signal
Processing Magazine, Vol. 20, No. 3, p. 21-36, 2003.

Non-Patent Document 2

M-C. Chiang and T. E. Boult, “Efficient super-resolution via
image warping”, Image and Vision Computing, Vol. 18, No.
10, p. 761-771, 2000.

What is claimed is:

1. A high-resolution image generation method for gener-
ating a high-resolution image from multiple low-resolution
images having displacements, said method comprising:

a first step of performing a registration processing of said

multiple low-resolution images;

a second step of generating an average registration image
in a high-resolution image space having undefined pix-
els based on the displacement information obtained by
said registration processing and said multiple low-reso-
Iution images; and

a third step of generating said high-resolution image by
estimating pixel values of said undefined pixels included
in said average image,
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wherein in said first step, corresponding high-resolution
pixel position of each pixel of said multiple low-resolu-
tion images is calculated by said registration processing,

wherein said second step comprises a step that generates
said average registration image in a high-resolution
image space by respectively computing an average pixel
value of multiple low-resolution image pixels whose
corresponding high-resolution pixel position is approxi-
mated by the same high-resolution pixel position, and
when generating said average registration image, a pixel
that exists in a high-resolution pixel position by which
no low-resolution image pixel is approximated, is
treated as said undefined pixel,

wherein a method that estimates said pixel value of said

undefined pixel by interpolating pixel values of defined
pixels existing in the neighborhood of said undefined
pixel, is referred to as a first undefined pixel estimation
method,

wherein a method that sets a predetermined image having

the number of pixels same as said average image as a
reference image and then sets a pixel value of a pixel of
said reference image corresponding to said undefined
pixel as said pixel value of said undefined pixel, is
referred to as a second undefined pixel estimation
method,

wherein said third step estimates said pixel value of said

undefined pixel by performing an alpha blend of a first
undefined pixel value estimated by said first undefined
pixel estimation method and a second undefined pixel
value estimated by said second undefined pixel estima-
tion method.

2. The high-resolution image generation method according
to claim 1, wherein an alpha value of said alpha blend is
changed based on a pixel position of said undefined pixel.

3. The high-resolution image generation method according
to claim 1, wherein an alpha value of said alpha blend is
estimated based on the number of said defined pixels existing
in the neighborhood of said undefined pixel.

4. The high-resolution image generation method according
to claim 1,

wherein said second step includes generating a weighted

image and further comprises a step that generates said
weighted image by setting the number of multiple low-
resolution image pixels whose pixel positions are
approximated by each high-resolution pixel position as a
pixel value, when generating said weighted image, a
pixel value of a pixel that exists the same position as a
pixel position of said undefined pixel of said average
image, is set as zero.

5. The high-resolution image generation method according
to claim 4, wherein said third step estimates said pixel value
of said undefined pixel by interpolating pixel values of
defined pixels existing in the neighborhood of said undefined
pixel also by using pixel values of said weighted image.

6. The high-resolution image generation method according
to claim 4, wherein said third step sets a predetermined image
having the number of pixels same as said average image as a
reference image and then sets a pixel value of a pixel of said
reference image corresponding to said undefined pixel as said
pixel value of said undefined pixel.

7. The high-resolution image generation method according
to claim 4, wherein a method that estimates said pixel value of
said undefined pixel by interpolating pixel values of defined
pixels existing in the neighborhood of said undefined pixel
also by using pixel values of said weighted image, is referred
to as a first undefined pixel estimation method,
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wherein a method that sets a predetermined image having
the number of pixels same as said average image as a
reference image and then sets a pixel value of a pixel of
said reference image corresponding to said undefined
pixel as said pixel value of said undefined pixel, is
referred to as a second undefined pixel estimation
method,

wherein said third step estimates said pixel value of said

undefined pixel by performing an alpha blend of a first
undefined pixel value estimated by said first undefined
pixel estimation method and a second undefined pixel
value estimated by said second undefined pixel estima-
tion method.

8. The high-resolution image generation method according
to claim 7, wherein an alpha value of said alpha blend is
changed based on a pixel position of said undefined pixel.

9. The high-resolution image generation method according
to claim 7, wherein an alpha value of said alpha blend is
estimated based on the number of said defined pixels existing
in the neighborhood of said undefined pixel.

10. A high-resolution image generation method wherein:

a high-resolution image is reconstructed by using said

high-resolution image generated by the high-resolution
image generation method according to claim 4 as an
initial image of super-resolution processing that needs
iterative reconstruction processing and then performing
said iterative reconstruction processing.

11. A high-resolution image generation method wherein:

a high-resolution image is reconstructed by using said

high-resolution image generated by the high-resolution
image generation method according to claim 5 as an
initial image of super-resolution processing that needs
iterative reconstruction processing and then performing
said iterative reconstruction processing.

12. A high-resolution image generation method wherein:

a high-resolution image is reconstructed by using said

high-resolution image generated by the high-resolution
image generation method according to claim 6 as an
initial image of super-resolution processing that needs
iterative reconstruction processing and then performing
said iterative reconstruction processing.

13. A high-resolution image generation method wherein:

a high-resolution image is reconstructed by using said

high-resolution image generated by the high-resolution
image generation method according to claim 7 as an
initial image of super-resolution processing that needs
iterative reconstruction processing and then performing
said iterative reconstruction processing.

14. A high-resolution image generation method wherein:

a high-resolution image is reconstructed by using said

high-resolution image generated by the high-resolution
image generation method according to claim 8 as an
initial image of super-resolution processing that needs
iterative reconstruction processing and then performing
said iterative reconstruction processing.

15. A high-resolution image generation method wherein:

a high-resolution image is reconstructed by using said

high-resolution image generated by the high-resolution
image generation method according to claim 9 as an
initial image of super-resolution processing that needs
iterative reconstruction processing and then performing
said iterative reconstruction processing.

16. A high-resolution image generation method wherein:

whenever a low-resolution image is obtained, by applying

the high-resolution image generation method according
to claim 4, a high-resolution image is generated sequen-
tially by updating said average image with said unde-
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fined pixels and said weighted image and then estimat-
ing pixel values of said undefined pixels included in said
updated average image.

17. A high-resolution image generation method wherein:

whenever a low-resolution image is obtained, by applying
the high-resolution image generation method according
to claim 5, a high-resolution image is generated sequen-
tially by updating said average image with said unde-
fined pixels and said weighted image and then estimat-
ing pixel values of said undefined pixels included in said
updated average image.

18. A high-resolution image generation method wherein:

whenever a low-resolution image is obtained, by applying
the high-resolution image generation method according
to claim 6, a high-resolution image is generated sequen-
tially by updating said average image with said unde-
fined pixels and said weighted image and then estimat-
ing pixel values of said undefined pixels included in said
updated average image.

19. A high-resolution image generation method wherein:

whenever a low-resolution image is obtained, by applying
the high-resolution image generation method according
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to claim 7, a high-resolution image is generated sequen-
tially by updating said average image with said unde-
fined pixels and said weighted image and then estimat-
ing pixel values of said undefined pixels included in said
updated average image.

20. A high-resolution image generation method wherein:

whenever a low-resolution image is obtained, by applying
the high-resolution image generation method according
to claim 8, a high-resolution image is generated sequen-
tially by updating said average image with said unde-
fined pixels and said weighted image and then estimat-
ing pixel values of said undefined pixels included in said
updated average image.

21. A high-resolution image generation method wherein:

whenever a low-resolution image is obtained, by applying
the high-resolution image generation method according
to claim 9, a high-resolution image is generated sequen-
tially by updating said average image with said unde-
fined pixels and said weighted image and then estimat-
ing pixel values of said undefined pixels included in said
updated average image.
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